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Description 

Field of the Invention 



. 10001] The present invention relates to a cancer vaccine comprising ^ <=-<=^^^"«9f " "l^/^J ami^'c^ncefvJccme 
Lor suDoressor qene WT1 of Wilms tumor and lipofectin. This cancer vaccine is useful as an anti-cancer vaccine 
Tbloo Tance'f^^^^^^^^ leukemia, myelodysplastic synd«>me. multiple -y«'°-,f -J't!?^^^^^^^^^ ^n'c!? 
(incers such as gastric cancer, colon cancer, lung cancer, breast cancer, germ cell '"^f^f "^t^' ^^^^^^ 

Wadder ince, prostatic cancer, uterine cancer, cervical cancer and ovarian cancer, as well as all other cancers that 

10 express WT1. 
Background Art 

20 cell-mediated cancer immunity, precursor T cells that '^e'=°g"'^«'l.*=«"'=«:.^"''9«" P;!f^^^^^ whtah atSS 

with the maior histocompatibility complex (MHC) class I differentiate SLl^en a^J^Ser 

and destroy cancer cells. At this time, cancer cells have presented the complex of J *^?!.^^^^^^ Curr Ooin 
antigen on the cell surface, which becomes the target for killer T cells (Curr. Opin. Immuno. 5.709. 1993. Curr. Opin. 
Immunol 5-719 1993- Cell 82:13, 1995; Immunol. Rev, 146:167, 1995). . ^ ♦ i^.. ^ 

25 S '^rabove inS antig;n pre;ented on the target cancer cells by MHC class I aritigen is believed to be a 
pXe dJTposerof^bout 8-12 amL acids produced as a result of processing by '"^^^'^^""'f ^Pif ^^.^A^^ J" f.^^" 
protetsTynthesized in the cancercells (Curr. Opin. Immunol. 5:709. 1993; Curr. Opin. Immunol. 5:719. 1993. Cell 82. 

J^'rVh"'; ru^pr'e'stor'gene' mi (WT1 gene) o, Wilms tumor was Isolated from chromosome 11 pi 3 as c^^^ 
Scaia«le genesTor Wilms tumor based on the analysis of the WAGR syndrome ^^f is accom,«med by Wihjs 
°ulr.?n^dru«>genital abnormality, mental retardation etc. (Gassier. 

and itk genomic DNA is about 50 kb comprising ten exons and its cDNA about 3 kb. The ammo acKJ sequence 

SolilSmeMeads to the suppression of the ceil growth (Japanese Unexamined f "^J^J^" 

?r046270 which suggests that the WT1 gene is acting on the growth of leukemic cells in a '^cLtative n^nne . Fur- 
thermore he WT1 gene has also been highly expressed in solid cancers such as gastnc cancer, colon cancer lung 
canTerbrrast^nc^rgerm cell cancer. Lr cancer, skin cancer, bladder cancer, prostatic cancer, utenne cancer. 
ce'Sl cLnirTnd'ia'rcancer (Japanese Patent Application No. 9-1 91 635). and the WT1 gene was found to be 

" ros;"7hLs":!tre:~ 

S expression products of the WT1 gene could serve as a cancer vaccine 

the administration of such a peptide as it is cannot serve as a cancer vaccine. This is because it is eJ^ected that «ie 
peptirSSered cannot be effectively delivered to the major histocompatibility complex class I on the antigen- 

fSrSoolJclin acationiciiposome.isa1:1 mixtureof anartificialllpidN-[1-(2,3-dioleyloxy)propyl]-N.N.N-trimeth- 
^aTlnrihS^SSr"^^^^^ 

as a nonviral carrier for introducing genes. Subsequently, attention was given to the fact tha .t ^^r^^i^^ 
oLtiSe ar^ rgens to the major histocompatibility complex class I on the antigen-presenting cells (f^"'^*'^^^^^ 
S4J-M7 S) However, the degree of versatility Of cationic liposomes 

incfJIs^oi fnoSn eirwhether ?hey can serve as carriers for cancer antigen peptides compnsing fragments of 
expression products of the tumor suppressor gene WT1 gene. 

Disclosure of the Invention 

[00091 Thus, the present invention provides a novel cancer vaccine comprising a cancer antigen peptide derived 
from a WT1 aene expression product and a substance useful as a earner therefor. 

[Si"o] ILnteSe L extensive research in order to solve the above problems, the present inventors have 



50 



55 



2 



EP 1 410 804 A1 

confirmed that, in the amino acid sequence of expression product of the WT1 gene, a polypeptide comprising 7-30 
contiguous amino acids containing at least one amino acid that is estimated to serve as an anchor ammo acid serves 
as a cancer antigen in the binding with the mouse and human MHC class I and MHC class II, and that cationic liposomes 
such as lipofectin are useful as carriers for this peptide antigen and, thereby, have completed the present invention. 

5 [001 1] Thus, the present Invention provides a cancer vaccine comprising a cancer antigen containing a mouse WT1 
gene expression product or a portion thereof, and a cationic liposome. In a preferred embodiment, the present Invention 
provides a cancer vaccine comprising a cancer antigen that comprises as an active ingredient a peptide comprising 
6-30 amino acids containing at least one amino acid selected from the group consisting of Phe, Tyr, Leu, Met, Asn and 
lie that Is estimated to function as an anchor amino acid for binding to the MHC antigen, in the amino acid sequence 

10 as set forth in SEQ ID NO: 1 corresponding to the cDNA of the MHC antigen, and a cationic liposome. 

[0012] Furthermore, the present invention provides a cancer vaccine comprising a cancer antigen that comprises 
as an active ingredient a peptide comprising 7-30 amino acids containing at least one amino acid selected from the 
group consisting of Met. Leu. and Val. that is estimated to function as an anchor amino acid for binding to the MHC 
antigen, in an amino acid sequence as set forth in SEQ ID NO: 2 conresponding to the cDNA of human WT1. and a 

15 cationic liposome. 

Brief Explanation of the Drawings 

[0013] In Fig 1 A is a graph that compares the ability of inducing cytotoxic T cells of a mixture (closed circle) of a 
20 cancer antigen peptide D^ 126 and lipofectin (LPF). a lipopolysaccharide-blast (open square) pulsed with D^ 126, 
lipofectin alone (open triangle) and the cancer antigen peptide 126 alone (open circle) using (3) RNAS cells and 
(4) RNAS cells stimulated with the cancer antigen peptide D»> 126, and B is a graph of the result in which tests similar 
to the above A were carried out using (1) C1498 cells and (2) WT1 gene-introduced C1498 cells. A indicates that the 
combination of the cancer antigen peptide D^ 126 and lipofectin has an activity of inducing cytotoxic T cells, and B 
25 indicates that the activity thereof is WT1 -specific. 

[0014] In Fig 2. A is a graph that shows the effect of lipofectin as an adjuvant (carrier) for the anti-cancer effect of 
the peptide D^ 126 using WT1 gene-introduced CI 498 cells, and B Is a graph that shows the result of similar tests 
using C1498 cells. Signs that indicate the test substances are the same as in Fig. 1. A indicates that lipofectin is 
effective as an adjuvant (earner) for the cancer antigen peptide D^ 126. and the comparison of A and B shows that the 
30 anti^ncer effect Is WT1 -specific. 

Embodiment for Carrying Out the Invention 

[0015] In accordance with the present invention, as a basis for designing cancer antigen peptides. and D^ of 
35 mouse MHC class I as well as A0201 of human HLA were selected, and peptides estimated to have a high affinity with 

them were selected. . . ^ ... 

[0016] Based on the description in Immunogenetics 41:178-228 (1995). Phe and Try at position 5 as well as Leu 
and Met etc. at position 8 are expected to be the anchor amino acids for binding to K^, and Asn at position 5 as well 
as Met and lie etc. at position 9 are expected to be the anchor amino acids for binding to Db, 
40 [0017] It Is also known that the size of cancer antigen peptides presented on the surface of cancer cells by MHC 
class I is about 8-12 amino acids. Thus, the cancer antigen peptide of the present invention is a peptide comprising 
7-30 contiguous amino acids containing at least one amino acid of Phe. Tyr. Leu. Met. Asn and Me in the amino acid 
sequence of the WT1 gene product as set forth in SEQ ID NO: 1. The number of amino acids is preferably 8-12. for 

45 [0018]'^ In accordance with the present invention, specific embodiments include, as a peptide that binds to of MHC 
class I. the following peptides comprising 8 amino acids: 
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45 Gly Ala Ser Ala Tvr Gly Ser Leu (SEQ ID NO: 

3) 

K** 330 Cys Asn Lys Arg Tyr Phe Lys Leu (SEQ ID NO: 
4 ) , and , 

as a peptide that binds to D^ of MHC class I, the following peptides comprising 9 amino acids: 
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126 Arg Met Phe Pro hSR Ala Pro Tyr hsu <SEQ ID 

NO: 5) 

d" 221 Tyr Ser ser Asp Asn teu Tyr Gin Msfe (SEQ ID 
NO: 6) 

235 Cys Met Thr Trp asn Gin Met Asn Isssa (SEQ ID 

NO : 7 ) . 

100191 In the above sequences, the underlined amino acids are those that are thought to serve as anchora. 
[w20] Si of tSem have strong ^ moderate binding affinities (Kd values) for Kb or Df. and the D" 1 26 peptide having 
thP hinhest bindino affinity was used in the following experiments. 

^02 Ho^h^^^^^^^^^^ based on the description in Immunogenetics 41 :178-228 (1995). Leu and Met at pos.t.on 2^ 
he N-termlnal and Val and Leu at position 9 from the N-term.nal are expected to ''^ ^ 'm^ 

human HLA-A0201 . Thus, from among the amino acid sequence of human WT1 protein (Mol. Cell. Biol. 11 .1707-171 2. 
1991 ) (SEQ ID NO: 2). the following two peptides: 

tf* 126 Arg Hst Phe Pro Asn Ala Pro xyr lisii (SEQ ID 
NO: 5} 

(the same as 126. in mice) 

WH 187 Ser Lsji Gly Glu Gin Gin Tyr Ser 5Jai (SEQ ID 
NO: 8) 

35 (the underlined are anchor amino acids) 

comprising nine amino acids are mentioned as complying with the above condition. . o-.^h 

SlsS] The cancer antigen peptide of the present invention may also be a peptide m which a modrfication suchas 
Lmino acid substitution has been introduced into a peptide which Is a portion of the e^P^^^^ion product of the WT1 
gene. As an example of such a modified peptide, there can be mentioned a cancer antigen ^^^"^1^"^^^^^^^;^ 
active ingredient a peptide that comprises 9-30 amino acids containing the following ammo acid sequence^ Cys Tyr 
rrTri^^J^n Gin Met Asn Leu (SEQ ID NO: 9). As a specific embodiment, there can be mentioned a peptide having 
amTnfaci?seSltce?Cys Thr Trp Asn Gin Met Asn Leu (SEQ ID NO: 9) in which Met at position 2 of the above 
Deotide 235 (SEQ ID NO: 7) has been changed to Tyr. ^. . . , „ ki ki m 

K AS a cationic liposomL. there can be mentioned a liposome comprising -(2.3-d.oleyloxy)propyn-N.N N- 
trimethylammonlum chloride (DOTMA). N-[1-(2.3-dioleyloxy)propyl]-N.N.N-trimethylammonium methyl sulfate (DO- 
TAP) or dioctadecylamide-glycylspermlne (DOGS), or mixtures thereof with a neutral lipid. ^.^ 
[0024] AS a neutral lipid, there can be mentioned, for example. Ilcithin. lysolecithin. sphingomyelin, phosphatidic acid, 
phosphatidylethanolamlne, and dioleoylphosphatidylethanolamine (DOPE) As ^^^^^ 
mentioned lipofectin which is a 1 :1 mixture of an artificial lipid N-[1-(2,3-dioleyloxy)propyl]-N.N.N-tnmethylammonium 
so chloride (DOTMA) and a phospholipid dioleoylphosphatidylethanolamme (DOPE) ^^„,Kot=.« 
[0025] The cancer vaccine of the present invention can be used for the prevention or treatment of cancers that are 
accompanied by increased levels of the WT1 gene expression, for example blood cancers such as eukem^a myelo- 
dysplastic syndrome, multiple myeloma and malignant lymphoma, and solid cancers such as gastric cancer co on 
cancer, lung cancer, breast cancer, germ cell cancer, liver cancer, sicin cancer, '''^f «'<^^"«^^P~f ^^^^^^^^^^^^ 
55 cancer ceSical cancer and ovarian cancer. This vaccine can be administered by oral adm.n.s ration, o Pare"teral 
administration such as intraperitoneal, cutaneous, dermal, intramuscular, intravenous, and nasa^ ^^^r'^^l 
[0026] The dosage of the cancer vaccine of the present invention is generally 0.1 ng to 1 mg/kg per day. 
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Examples 

[0027] The usefulness of the cancer vaccine of the present invention will now be explained with reference to 
5 Examples. 
Example 1 . 

Preparation of lipopolvsaccharlde-blast (LPS-blast) 

10 

[0028] From C57BL76 mice, spleen cells were recovered, and the cells were incubated for 3 days in a complete RPMI 
medium containing lipopolysaccharide (LPS) (10 ^g/rnl). After washing, the cells were incubated in a complete RPMI 
medium containing the cancer antigen peptide 126 (1 ^iM) and ovalbumin (OVA) (100 ^g/ml). After washing, the 
cells were suspended in 2 ml Hanks* balanced salt solution (HBSS) which was set as the lipopolysacchande-blast 
15 (LPS-blast). 

Evaluation of the ability of inducing cytotoxic T cells (CTL) 

[0029] C57BL/6 mice were immunized three times weekly by subcutaneous administration, to the back thereof, of a 
20 mixture of the cancer antigen peptide 1 26 and lipofectin (LPF) (mixed at a 1 :2 weight ratio of 1 26 and LPF). and 
as a positive control by the intraperitoneal administration of lipopolysaccharide-blast (LPS-blast) (1 ml/mouse). Ten 
days after the final immunization, spleen cells were recovered and set as effector cells. Spleen cells stimulated with 
the cancer antigen peptide 1 26 (1 ^iM. 2 hours. 37»C. 5% C02) were washed with HBSS to obtain stimulator cells. 
[0030] The above effector cells (5 x 106 cells/well) and the above stimulator cells (2.5 x 106 cells/well) were mixed, 
25 and then subjected to lymphocyte-lymphocyte mixed culture for the in vitro second challenge of the cytotoxic T cells. 
Five days later, cytotoxic T cells were recovered. (1) C1498 cells. (2) C1498 cells that have Introduced therein and 
express the WT1 gene {C1498muWT1), (3) RMA-S cells, and (4) RMA-S cells stimulated with the cancer antigen 
1 26 (1 ^iM, treated for 1 hour at 5% C02) (D^ 126-pulsed RMA-S), each labelled with Ha^^^^OvO^ (0.56 MBq/IO^ cells, 
treated for 1 hour at 37'»C and 5% C02), were plated as the target cells onto 96-well microtiter plates (10* cells/well). 
30 to which cytotoxic T cells prepared as above were plated. Effector cells were added thereto, cultured for 4 hours, and 
the radioactivity of siCr liberated into the supernatant was counted. Cytotoxic activity was calculated according to the 
following equation: 
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ncii i„c!« io/^ - (experimental release - spont aneous release) ^^qq 
oeii lysis \,/o) - (j„3ximum release - spontaneous release) 



Results 



[0031] First, in order to examine whether or not the induced cytotoxic T cells are specific for the cancer antigen 
peptide 126. the above (3) RMA-S cells and (4) 126-pulsed RMA-S cells were used as the target cells, and as 
a result the induction of cytotoxic T cells specific for the cancer antigen peptide 126 was confirmed (Fig. 1 , A). 
Furthermore, in order to examine whether or not the induced cytotoxic T cells specifically damage WT1 -expressing 
cells, the above (1 ) C1 498 cells and (2) the wtl gene-introduced cells. CI 498muWT1 . were used, and as a result the 
induction of WT1 -specific CTL was confimied (Fig. 1 . B). 

Example 2. 

Cancer antigen-specific anti-tumor effect when lipofectin (LPF) was used as the cancer vaccine earner 

50 [0032] Since Example 1 has shown that cytotoxic T cells are effectively induced by using lipofectin (LPF) as an 
adjuvant for the cancer antigen peptide 126. cancer antigen-specific anti-tumor effect when immunized using lipo- 
fectin as an adjuvant (carrier) was examined for the purpose of further confirming the usefulness of lipofectin (LPF) as 
an adjuvant for cancer vaccines. . ... 

[0033] As the tumor model, WT1 gene-introduced CI 498 cells (CI 498muWT1 cells) were used; as the immunization 

55 animal. C57BL/6 mice were used; and as the model cancer antigen, the peptide 126 was used. Thus. C57BLy6 
mice were immunized three times weekly by subcutaneous administration, to the back thereof, of the same mixture 
as in Example 1 of the cancer antigen peptide 126 and lipofectin (LPF) (10 nmol/mouse), or by the intraperitoneal 
administration of lipopolysaccharide-blast (LPS-blast) (1 ml), and one week after the final immunization CI 498muWT1 
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cells or C1 498 cells were intraperitoneally transplanted at an amount ^ 

was determined daily, and was evaluated by calculating tumor size using the following equation: 



[Tumor size] = [(long diameter) x (short 



diameter) j 



[0034] In each group, the experiment was terminated when tumor size reached 20 mm. 
Results 

[0035] The evaluation of lipofectin (LPF) as an adjuvant (carrier) for cancer vaccine was carried out using ^NT^ as 
he model tumor antigen and WT1 gene-introduced cells (C1498muWT1 cells) as the model tumor, and using, as an 
ndex, resistance against C1498muWT1 cells when the peptide 126/lipofectin (LPF) '"'^"^^ ^^^^^^^^^ 
zation. As a result, when the peptide 126/lipofectin (LPF) mixture was used for immunization, complete rejection 
was observed in three out of eight cases (Fig. 2, A). ^«™h 
[00361 Furthermore, in order to confirm that this anti-tumor effect is WT1 -specific, a similar study was earned out 
using C1498 cells that are not expressing WT1 . As a result, there were no differences seen from the non-immunized 
group In any of the cases in which (a) peptide Db 1 26/lipofectin (LPF) mixture, (b) free peptide Db 1 26. and (c) l.popol- 
ySaride-blast (LPS4,last) were immunized (Fig. 2. B). Therefore, it was confim^^^ 

is WT1 -specific. 
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SEQUENCE LISTING 
<110> Tadanori Mayuini et al. 

<120> Cancer Vaccine Comprising a Cancer Antigen Based on 

the product of a Txamor Suppressor Gene WTl and a Cationic 

Liposome 

<130> K807 

<160> 9 

<210> 1 

<211> 449 

<212> PRT 

<213> Mouse 

<400> 1 

Met Gly S©r Asp Val Arg Asp 1^ Asn Ala l*ew Leu Pro Ala Val Ser 

5 10 15 

Ser I^u Gly Gly Gly Gly Gly Gly Cys Gly Leu Pro Val Ser Gly Ala 

20 25 30 

Arg Gin Trp Ala Pro Val l^u Asp Phe Ala Pro Pro Gly Ala Ser Ala 

35 40 45 

Tyr Gly Ser TJ&m Gly Gly Pro Ala Pro Pro Pro Ala Pro Pro Pro Pro 

50 55 ^0 

Pro Pro Pro Pro His Ser Phe lie Lys Gin Glu Pro Ser Trp Gly Gly 
65 70 75 80 

Ala Glu Pro His Glu Glu Gin Cys I.eu Ser Ala Phe Thr Leu His Phe 

85 90 95 

Ser Gly Gin Phe Thr Gly Thr Ala Gly Ala Cys Arg Tyr Gly Pro Phe 

100 105 110 

Gly Pro Pro Pro Pro Ser Gin Ala Ser Ser Gly Gin Ala Arg Met Phe 

lis 120 125 

Pro Asn Ala Pro Tyr Leu Pro Ser Cys Leu Glu Ser Gin Pro Thr lie 

130 135 140 

Arg Asn Gin Gly Tyr Ser Thr Val Thr Phe Asp Gly Ala Pro Ser Tyr 
145 150 155 160 
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Gly His Thr Pro Ser His His Ala Ala Gin Phe Pro Asn His 3er Phe 

165 170 175 

I,ys His Glu Asp Pro Met Gly Gin Gin Gly Ser Leu Gly Glu Gin Gin 

180 185 
Tyr Ser Val Pro Pro Pro Val Tyr Gly Cys His Xhr Pro Thr Asp Sor 

195 200 205 

Cys Thr Gly Ser Gin Ala Leu Leu l«u Arg Thr Pro Tyr Ser Ser Asp 

210 215 220 

Asn Leu Tyr Gin Met Thr Ser Gin Leu Glu Cys Mat Thr Trp Asn Gin 
22S 230 235 240 

Met Asn Leu Gly Ala Thr Leu Lys Gly Jtot Ala Ala Gly Ser Ser Ser 

245 250 255 

Ser val Lys Trp Thr Glu Gly Cla Ser Asn His Gly lie Gly Tyr Olu 

260 265 270 

Ser Glu Asn His Thr Ala Pro He Leu Cys Gly Ala Gin Tyr Ar^ He 

275 280 285 

His Thr His Gly Val Phe Arg Gly He Gin Asp Val Arg Arg Val Ser 

290 295 300 

Gly val Ala Pro Thr Leu Val Arg Ser Ala Ser Glu Thr Sex Glu Lys 
305 310 315 

Arg Pro Phe Met Cys Ala Tyr Pro Gly Cys Asn Lys Arg Tyr Phe Lys 

3#» 330 335 

I«u Ser His Leu Gin Met His Ser Arg Lys His Thr Gly Glu Lys Pro 

340 345 350 

Tyr Gin Cys Asp Phe Lys Asp Cys Glu Arg Arg Phe Ser Arg Ser Asp 

355 3«0 365 

Gin Leu Lys Arg His Gin Arg Arg His Thr Gly Val Lys Pro Phe Gin 

370 375 380 

Cys Lys Thr Cys Gin Arg Lys Phe Ser Arg Ser Asp His Leu Lys Thr 
385 390 395 400 

His Thr Arg Thr His Thr Gly Lys Thr Ser Glu Lys Pro Phe Ser Cys 
405 410 415 
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Arg Trp His Ser Cys Gin Lys Lys Phe Ala Arg Ser Asp Glu Le« Val 

420 «5 430 

Arg His His Asn Met His Gin Arg Asn Met Thr Lys Leu His Val Ala 
435 440 445 

Z#eu 
449 

<210> 2 
<211> 449 
<212> PRT 
<213> Human 
<400> 2 

Met Gly Ser Asp Val Arg Asp Leu Asn Ala Leu Leu Pro Ala Val Pro 

5 10 15 

Ser Leu Gly Gly Gly Gly Gly Cys Ala Leu Pro Val Ser Gly Ala Ala 

20 25 30 

Gin Trp Ala Pro Val Leu Asp Phe Ala Pro Pro Gly Ala Ser Ala Tyr 

35 40 45 

Gly Ser Leu Gly Gly Pro Ala Pro Pro Pro Ala Pro Pro Pro Pro Pro 

50 . 55 60 

Pro Pro Pro Pro His Ser Phe He Lys Gin Glu Pro Ser Trp Gly Gly 
65 70 75 eo 

Ala Glu Pro His Glu Glu Gin Cys Leu Ser Ala Phe Thr Val His Phe 

85 90 ^5 

Ser Gly Gin Phe Thr Gly Thr Ala Gly Ala Cys Arg Tyr Gly Pro Phe 

100 105 110 

Gly Pro Pro Pro Pro Ser Gin Ala Ser Ser Gly Gin Ala Arg Met Phe 

115 120 125 

Pro Asn Ala Pro Tyr Leu Pro Ser Cys Leu Glu Ser Gin Pro Ala He 

130 135 
Arg Asn Gin Gly Tyr Ser Thr Val Thr Phe Asp Gly Thr Pro Ser Tyr 
145 150 155 160 
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Cly His Thr Pro Ser His His Ala Ala Gin Pha Pro Asn His Ser Phe 

165 170 175 

Lys His Glu Asp Pro Met Gly Gin Gin Gly Ser I^u Gly Clu Gin Gin 

180 185 190 

Tyr Ser Val Pro Pro Pro Val Tyr Gly Cys His Thr Pro Thr Asp Ser 

195 200 . 205 

Cys Thr Gly Ser Gin Ala Leu Leu Arg Thr Pro Tyr Ser Ser Asp 

210 215 220 

Asn Leu Tyr Gin Met Ihr Ser Gin Leu Glu Cys Mat Thr Trp Asn Gin 
225 230 235 240 

Mat Asn teu Gly Ala Thr Leu Lys Gly Val Ala Ala Gly Ser Ser Ser 
245 250 255 

• sar Val Lys Trp Thr Glu Gly Ola Ser Asn His Ser Thr Gly Tyr Glu 
260 265 270 

Ser Asp Asn His Thr Thr Pro He Leu Cys Gly Ala Gin Tyr Arg He 

275 280 285 

His Thr His Gly Val Phe Arg Gly Ho Gin Asp Val Arg Arg Val Pro 
290 295 300 

Gly Val Ala Pro Thr Leu Val Arg Ser Ala Ser Glu Thr Ser Glu Lys 
305 310 315 . . 320 

Arg Pro Phe Met Cys Ala Tyr Pro Gly Cys Asn Lys Arg Tyr Phe Lys 

325 330 335 

Leu Ser His Leu Gin Met His Ser Arg Lys His Thr Gly Glu Lys Pro 

340 345 350 

Tyr Gin Cys Asp Phe Lys Asp Cys Glu Arg Arg Phe Ser Arg Ser Asp 

355 360 365 

Gin Leu Lys Arg His Clh Arg Arg His Thr Gly Val Lys Pro Phe Gin 

370 375 380 

cys Lys Thr Cys Gin Arg Lys Phe Ser Arg Ser Asp His Leu Lys Thr 
385 390 395 400 

His Thr Arg Thr His Thr Gly Lys Thr Ser Glu Lys Pro Phe Ser Cys 
405 410 415 
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Arg Trp Pro Ser Cys Gin Lys Xys Pho Ala Arg Ser Asp Glu X#eu Val 

420 425 . 430 

Arg His His Asn Met His 61n Arg Asn Met Thr Lys Leu Gin Leu Ala 
435 440 445 

Leu 
449 

<210> 3 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic Peptide 
<4O0> 3 

Gly Ala Ser Ala Tyr Gly Ser Leu 

15 
<210> 4 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic Peptide 
<400> 4 

Cys Asn Lys Arg Tyr Phe Lys Leu 

1 5 
<210> 5 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic Peptide 
<400> 5 
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Arg Met Pho Pro Asn Ala Pro Tyr l*eu 

1 5 

<210> 6 

<211> 9 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic Peptide 

<400> 6 

Tyr Ser Ser Asp Asn Leu Tyr Gin Met 

1 5 

<210> 7 

<211> 9 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic Peptide 

<400> 7 

Cys Met Tlir Trp Asn Gin Met Asn I*eu 

1 5 

<210> 8 

<211> 9 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic Peptide 

<400> 8 

Ser I-eu Gly Glu Gin Gin Tyr Ser Val 

1 5 

<210> 9 

<211> 9 

<212> PRT 
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<213> Artificial Sequence 
<220> 

<223> Synthetic Peptide 
<400> 9 

Cys Tyr Thr Trp Asn Gin Mat Asn l-eu 
X 5 



Claims 

1. A cancer vaccine comprising a cancer antigen which comprises as an active ingredient the product of a tumor 
suppressor gene WT1. a partial peptide or a modified version thereof, and a cationic liposome. 

2. The cancer vaccine according to claim 1 wherein said cancer antigen is a peptide comprising 7-30 contiguous 
amino acids containing at least one anchor amino acid selected from f=»he. Tyr. Leu, Met, Asn and lie in the amino 
acid sequence as set forth in SEQ ID NO: 1, or a peptide comprising 7-30 contiguous amino acids containing at 
least one anchor amino acid selected from Met. Leu and Val In the amino acid sequence as set forth in SEQ ID 
NO: 2. 

3. The cancer vaccine according to claim 1 or 2 wherein said antigen is a cancer antigen that permits a high expression 
of the tumor suppressor gene Wtl . 

4. The cancer vaccine according to claim 1 or 2 wherein said cancer is leukemia, myelodysplastic syndrome, malig- 
nant lymphoma, multiple myeloma, gastric cancer, colon cancer, lung cancer, breast cancer, germ cell cancer, liver 
cancer, skin cancer, bladder cancer, prostatic cancer, uterine cancer, cervical cancer or ovarian cancer. 

5. The cancer vaccine according to any of claims 1 to 4 wherein said cancer antigen peptide is any of: 

Kb 45 Gly Ala Ser Ala Tyr Gly Ser I-eu (SEQ ID 

NO: 3) 

Kb 330 cys Asn Lys Arg Tyr Phe Lys Leu (SEQ ID 

NO: 4) 

126 Arg Met Phe Pro Asn Ala Pro Tyr Leu 
(SEQ ID NO: 5) 

Db 221 Tyr Ser Ser Asp Asn Leu Tyr Gin Met 
(SEQ ID NO: 6) 

Db 235 Cys Met Thr Trp Asn Gin Met Asn Leu 
(SEQ ID NO: 7) , and 
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WH 187 Ser Leu Gly Glu Gin Gin Tyr Ser Val 



(SEQ ID NO: 8). 

6. The cancer vaccine according to claim 5 wherein said cancer antigen peptide is: 

D** 126 Arg Met Phe Pro Asn Ala Pro Tyr Leu 
(SEQ ID NO: 5), or 

WH 187 ser r.eu Gly Glu Gin Gin Tyr Ser Val 
(SEQ ID NO: 8) . 

7. The cancer vaccine according to claim 1 wherein said cancer antigen peptide is a peptide comprising 9-30 amino 
acids containing the following amino acid sequence: Cys Tyr Thr Trp Asn Qln Met Asn Leu (SEQ ID NO: 9). 

8. The cancer vaccine according to claim 7 wherein said cancer antigen peptide is a peptide comprising the following 
amino acid sequence: Cys Tyr Thr Trp Asn Gin Met Asn Leu (SEQ ID NO: 9). 

9. The cancer vaccine according to any one of claims 1 to 8 wherein said cationic liposome is a liposome comprising 
N-[1 -(2 3-dioleyloxy)propyl]-N.N.N-trimethylammonlum chloride, N-I1 -(2.3-dioleyioxy)propyl]-N.N,N-tnmethylam- 
moniur^ methyl sulfate or dioctadecylamide-glycylspermine; or a mixture thereof with a neutral lipid. 

10. The cancer vaccine according to claim 9 wherein said cationic liposome is lipofectin. 

11 The use of a cancer antigen which comprises as an active ingredient the product of the tumor suppressor gene 
Vyn-1 , a partial peptide or a modified version thereof, and a cationic liposome for the production of cancer vaccine. 

12 The use according to claim 11 wherein said cancer antigen is a peptide comprising 7-30 contiguous amino acids 
■ containing at least one anchor amino acid selected from Phe. Tyr. Leu. I^et. Asn and lie In the amino acd sequence 

as set forth in SEQ ID NO: 1 . or a peptide comprising 7-30 contiguous amino acids containing at least one anchor 
amino acid selected from Met, Leu and val in the amino acid sequence as set forth in SEC ID NO: 2. 

13. The use according to claim 11 or 12 wherein said antigen is a cancer antigen that permits high expression of the 
tumor suppressor gene WT1 . 

14 The use according to claim 11 or 12 wherein said cancer is leul<emia, myelodysplastic syndrome, malignant lym- 
phoma, multiple myeloma, gastric cancer, colon cancer, lung cancer, breast cancer, germ cell cancer, liver cancer, 
skin cancer, bladder cancer, prostatic cancer, uterine cancer, cervical cancer or ovarian cancer. 

15. The use according to any of claims 11 to 14 wherein said cancer antigen peptide is any of: 

Kb 45 Gly Ala Ser Ala Tyr Gly Ser Leu (SEQ ID 



NO: 3) 



NO: 4) 



Kb 330 cys Asn Lys Arg Tyr Phe Lys Leu (SEQ ID 
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D** 126 Arg Met Phe Pro Asn Ala Pro Tyr Leu 
(SEQ ID NO: 5) 

Db 221 Tyr Ser Ser Asp Asn Leu Tyr Gin Met 
(SEQ ID NO: 6) 

Db 235 Cys Met Thr Trp Asn Gin Met Asn Leu 
(SEQ ID NO: 7), and 

WH i87 Ser Leu Gly Glu Gin Gin Tyr Ser Val 
(SEQ ID NO: 8) • 

20 16. The use according to claim 15 wherein said cancer antigen peptide is: 

D** 126 Arg Met Phe Pro Asn Ala Pro Tyr Leu 
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( SEQ ID NO : 5 ) ^ or 



WH 187 ser Leu Gly Glu Gin Gin Tyr Ser Val 
(SEQ ID NO: 8) . 

30 

17. The use according to claim 11 wherein said cancer antigen peptide is a peptide comprising 9-30 amino acids 
containing the following amino acid sequence: Cys Tyr Thr Trp Asn Gin Met Asn Leu (SEQ ID NO: 9). 

18. The use according to claim 17 wherein said cancer antigen peptide is a peptide comprising the following amino 
35 acid sequence: Cys Tyr Thr Trp Asn Qln Met Asn Leu (SEQ ID NO: 9). 

1 9. The use according to any one of claims 11 to 1 8 wherein said cationic liposome is a liposome comprising N-[1 -(2,3-di- 
oleyloxy)propyl]-N.N.N-trimethylammonium chloride. N-[1-(2.3-dioleyloxy)propyl]-N.N.N-trimethylammonium me- 
thyl sulfate or dioctadecylamide-glycylspermine; or a mixture thereof with a neutral lipid. 

40 

20. The use according to claim 19 wherein said cationic liposome is lipofectin. 

21 A method of treating patients with cancer, said method comprising administering a cancer antigen whidi comprises 
as an active Ingredient the product of the tumor suppressor gene WT1. a partial peptide or a modified version 
45 thereof, and a cationic liposome. 

22. The method according to claim 21 wherein said cancer antigen is a peptide comprising 7-30 contiguous amino 
acids containing at least one anchor amino acid selected from Phe. Tyr. Leu. Met. Asn and Me in the ammo acid 
sequence as set forth in SEC ID NO: 1 . or a peptide comprising 7-30 contiguous amino acids co"*aininp at teas^ 

50 one anchor amino acid selected from Met. Leu and Val in the amino acid sequence as set forth in SEQ ID NO: 2. 

23. The method according to claim 21 or 22 wherein said antigen is a cancer antigen that permits high expression of 
the tumor suppressor gene WT1. 

55 24. The method according to claim 21 or 22 wherein said cancer is leukemia, myelodysplastic syndrome malignant 
lymphoma, multiple myeloma, gastric cancer, colon cancer, lung cancer, breast cancer, germ cell cancer, liver 
cancer, sl^in cancer, bladder cancer, prostatic cancer, uterine cancer, cen/ical cancer or ovarian cancer. 
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25. The method according to any of claims 11 to 24 wherein said cancer antigen peptide is any of: 



Kb 45 Gly Ala Ser Ala Tyr Gly Ser Leu (SEQ ID 

NO: 3) 

Kb 330 Cys Asn Lys Arg Tyr Phe Lys I*eu (SEQ ID 

NO : 4 ) 

D** 126 Arg Met Phe Pro Asn Ala Pro Tyr Leu 
(SEQ ID NO: 5) 

Db 221 Tyr Ser Ser Asp Asn Leu Tyr Gin Met 
(SEQ ID NO: 6) 

Db 235 Cys Met Thr Trp Asn Gin Met Asn Leu 
(SEQ ID NO: 7), and ^ 

WH 187 Ser Leu Gly Glu Gin Gin Tyr Ser val 
(SEQ ID NO: 8) . 

26- The method according to claim 25 wherein said cancer antigen peptide is: 

D** 126 Arg Met Phe Pro Asn Ala Pro Tyr Leu 
(SEQ ID NO: 5 ) r or 

WH 187 Ser Leu Gly Glu Gin Gin Tyr Ser Val 
(SEQ ID NO: 8) . 

27. The method according to claim 21 wherein said cancer antigen peptide is a peptide comprising 9-30 amino acids 
containing the following amino acid sequence: Cys Tyr Thr Trp Asn Gin Met Asn Leu (SEQ ID NO: 9). 

28. The method according to claim 27 wherein said cancer antigen peptide is a peptide comprising the following amino 
acid sequence: Cys Tyr Thr Trp Asn Gin Met Asn Leu (SEQ ID NO: 9). 

29. The method according to any one of claims 21 to 28 wherein said cationic liposome is a liposome comprising 
N-[1-{2.3-dioleyloxy)propyl]-N,N,N-trimethylammonium chloride, N-[1-(2,3-dioleyloxy)propyl]-N,N.N-trimethylam- 
monium methyl sulfate or dioctadecylamide-glycylspermine; or a mixture thereof with a neutral lipid. 

30. The method according to claim 29 wherein said cationic liposome is lipofectin. 
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